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1.0 SPECIFICATION REFERENCES AND REQUIREMENTS 
I n  accordance wi th  George C, Marsha l l ' s  Purchase Order 
No. NAS 8-30029, a u t h o r i t y  was i s sued  t o  Ogden Technology 
Labora tor ies ,  Inc . ,  t o  c'onduct r e l i a b i l i t y  t e s t s  on f i v e  
(5 )  Cryo-formed Spheres (ARDE P a r t  No, D-3590), S e r i a l  
Numbers 4, 8, 9, 10, and 11. S e r i a l  Number 6 was u t i l i z e d  
for s e t  up and check o u t  purposes.  
S p e c i f i c  tes ts  were conducted i n  accordance wi th  Ogden 
Technology Labora to r i e s  T e s t  Procedure N0.B-20415, Rev. A, 
dated  24 J u l y  1968, and as l i s t e d  i n  Table I below. 
TEST 
TABLE I 
Paragraph S e r i a l  Numbers 4 8 9  10 11 
Proof Ambient 2.1 
Proof Cold 2.2 
Leak Ambient 2.3 
Thermal Shock 2.4 
Se rv ice  L i f e  2.5 
S t r e s s  Coat 2.6 
Vib ra t ion  2.7 
B u r s t  2.8 
~~ 
x x x  X X 
x x x  X X 
x x x  X X 
x x x  X X 
x x x  X 
X 
x x  
x x  
All  raw data generated during the listed tests has been reduced and is 
summarized on data sheets that have been separated from this report. 
All raw data and the original oscillograph recordings have been re- 
tained at Ogden Technology Laboratories, Inc., Beaumont Division. 
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2 .o GENERAL INFORMATION 
2 .1  Tes t  Conditions 
Tes t  Report  No,B-20415 
Unless otherwise s t a t e d  i n  the body of t h i s  r e p o r t ,  a l l  
t e s t s  were conducted a t  an ambient temperature of t-77"F 
120°F, a r e l a t i v e  humidity of 95% o r  less  and a barometr ic  
pressure of 29 22 inches of mercury. 
2 * 2  T e s t  Condition Tolerances 
S inuso ida l  V ib ra t ion  Amplitude f 10% 
Sinuso ida l  Vibra t ion  Frequency t 2% 
f 5% 
f 5% 
rt 10% 
f 2% 
Random Vib ra t ion  Densi ty  20-1000 cps f 2db 
Random Vib ra t ion  Densi ty  1000-2000 cps f 4db 
2e3  T e s t  Equipment 
All t e s t  equipment used i n  the performance of  the tests 
descr ibed  i n  t h i s  r e p o r t  i s  c a l i b r a t e d  a t  i n t e r v a l s  s u f -  
f i c i e n t  t o  a s s u r e  continued accuracy and r e p e a t a b i l i t y  
of  recorded measurements. Ca l ib ra t ion  records  are main- 
t a ined  on f i l e  for s tudy  by au thor ized  personnel  upon 
r eques t  
C a l i b r a t i o n  s tandards  are t r aceab le  t o  the Nat iona l  Bureau 
of Standards and c e r t i f i c a t i o n s  are r e t a i n e d  on f i l e  and 
are a v a i l a b l e  upon r eques t  t o  au thor ized  personnel., 
A l l  v i b r a t i o n  systems a r e  c a l i b r a t e d  immediately before  
each success ive  use  i n  a d d i t i o n  t o  the r e g u l a r l y  scheduled 
t e s t  c a l i b r a t i o n s ,  
2 , 4  Tes t  F ix tu re  
The t e s t  f i x t u r e  used f o r  the  performance of the v i b r a t i o n  
t e s t s  was designed by Ogden Technology Labora tor ies ,  I n c , ,  
and has a des igna ted  P a r t  Number 9100 NAS 8-30029. 
2.5 T e s t  Media 
2.5.1 Helium 
Gaseous Helium u t i l i z e d  throughout the program, conformed t o  
U.S, Bureau of Mines, Helium Grade A e Dew Po in t  was always 
less than -76"F, 
2 5 2 Liquid Hydrogen 
The Liquid Hydrogen u t i l i z e d  throughout t h i s  program conformed 
t o  MIL-!? -27201 0 
-2- 
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3.0 DISCUSSION OF TESTS 
3 a 1  Proof T e s t  - Ambient 
3 * a * l  Requirement 
Reference: Ogden Technology Labora to r i e s  T e s t  Procedure 
No, B-20415, Rev, A, dated  J u l y  24, 1968, Para- 
graph 2.1,  
The specimen shal l  demonstrate i t s  s t r u c t u r a l  i n t e g r i t y  when 
subjec ted  t o  a gaseous Helium pressure  o f  3,500 p s i g  f o r  two 
( 2 )  minutes a t  a temperature of 70 -llO°F. This  i n t e g r i t y  sha l l  
be measured by: a )  Comparing measurements of the specimen's 
diameter, taken a t  s i x  (6 )  loca t ions ,be fo re  and a f t e r  p r e s s u r i -  
z a t i o n ,  b )  V i sua l  observa t ion  of pressure  decay du r ing  the two 
( 2 )  minute p r e s s u r i z a t i o n  per iod ,  
2.1,2 T e s t  Procedure 
P r i o r  t o  i n s t a l l i n g  each of t h e  f i v e  ( 5 )  t e s t  specimens 
i n  a holding f i x t u r e ,  s i x  (6)  po in t s  were p icked  a t  random, 
and i d e n t i f i e d , t o  se rve  as l o c a t i o n s  f o r  measuring and Pe- 
cording the  diameter of  each sphere,  when requi red ,  throughout 
the e n t i r e  t e s t  program. A high pressure  gaseous Helium source 
was connected t o  the i n l e t  of t h e  specimen, thermocouples were 
i n s t a l l e d  and a shroud, f o r  temperature condi t ion ing ,  was placed 
ove r  the specimen. While maintaining t h e  specimen a t  70 +lO°F, 
gaseous Helium was slowly in t roduced  i n t o  the specimen u n t i l  a 
pressure  o f  3,500 p s i g  was reached and maintained for two ( 2 )  
minutes. The Helium pressure  was then vented from the specimen, 
i n t o  the recovery system, a t  a flow ra te  commensurate w i t h  main- 
t a i n i n g  the specimen temperature a t  70 -110 OF. With the specimen 
a t  ambient pressure ,  measurements of the specimen's diameter, a t  
the des igna ted  s i x  ( 6 )  l o c a t i o n s ,  were taken and recorded.  The 
foregoing  procedure was then repea ted  f o r  each of the remaining 
f o u r  ( 4 )  specfimens. 
3.1.3 T e s t  Resu l t s  
The temperature of specimens Ser ia l  Numbers f o u r  ( 4 )  and e leven  
(11) exceeded the s p e c i f i e d  70 -11O0F. dur ing  p r e s s u r i z a t i o n .  
The highest, recorded temperature,  w i t h  respect  t o  both specimens, 
was 90 F f o r  a du ra t ion  of two ( 2 )  minutes.  Test  Devia t ion  R e -  
p o r t s  Noes 1 and 2 conta in  the  r e l e v a n t  data and are t o  be found 
i n  Appendix 1, Sec t ion  I, of  t h i s  r e p o r t .  D e s p i t e  the momentary 
o u t  of s p e c i f i c a t i o n  to l e rances ,  no permanent deformation o r  
change i n  diameter was noted. Measurement and comparison of  the 
diameter 's  of S e r i a l  Numbers 8, 9, and 10, pre -  and pos t  proof 
tes t ,  did no t  r e v e a l  any s i g n i f i c a n t  change, 
-3- 
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300 DISCUSSION OF TESTS - continued 
3.2 Proof T e s t  (Cold)  
3 2 1 Requirement 
Reference: Ogden Technology Labora tor ies  T e s t  Procedure 
No, B-20415, Rev, A, dated J u l y  24, 1968, Para- 
graph 2 ,2 ,  
The specimen sha l l  demonstrate i t s  s t r u c t u r a l  i n t e g r i t y  when 
2 )  minutes, while submerged i n  Liquid Hydrogen at 
F, T h i s  i n t e g r i t y  sha l l  be determined by: a )  Com- 
b )  Visua l  examination on completion of  t e s t ,  
c ted  t o  a gaseous Helium pressure  of 5,340 ps ig ,  maintained 
par i son  of the  specimen's diameter  measurements pre-  and post  
proof t es t ;  
3 I P  2 o 2 T e s t  Procedure 
Measurements of the specimens diameter,  a t  the s i x  ( 6 )  loca t ions ,  
were taken and recorded p r i o r  t o  i n s t a l l a t i o n  i n  the c r y o s t a t .  
The specimen was suspended i n  the  c r y o s t a t  and thermocouples 
i n s t a l l e d  t o  reoord specimen sk in  temperature and i n d i c a t e  the 
l i q u i d  l e v e l  i n  t h e  c r y o s t a t ,  The specimen i n l e t  was then  con- 
nected t o  a high pressure  gaseous Helium source.  P r i o r  t o  the 
admission of l i q u i d  Hydrogen t o  t h e  c r y o s t a t ,  the  specimen was 
purged f i v e  ( 5 )  times wi th  gaseous Helium t o  expel  a l l  a i r  and 
o t h e r  contaminants. On completion o f  the f i n a l  purge, a p o s i t i v e  
pressure  of f i f t y  ( S O )  p s i g  was allowed t o  remain i n  the spec i -  
meno Liquid Hydrogen was slowly admitted t o  the  c r y o s t a t  u n t i l  
three (3)  temperature readings,  taken f i f t e e n  (15) minutes 
apart, i nd ica t ed  s t a b i l i z a t i o n  a t  -412 +12'F, and the specimen 
was then considered submerged i n  l i q u i d  Hydrogen. Gaseous Hel ium 
was s lowly admitted t o  the  specimen u n t i l  a pressure  of 5,340 
p s i g  w a s  reached, The l i q u i d  Hydrogen supply was ad jus t ed ,  as 
necessary  during p res su r i za t ion ,  t o  maintain the  specimen a t  
-412 +12'F. After the pressure  had been maintained f o r  two ( 2 )  
minutes, the  H e l i u m  i n  the specimen was vented t o  the recovery 
system, the l i q u i d  Hydrogen supply t o  t h e  c r y o s t a t  was shu t  o f f  
and the specimen allowed t o  r e t u r n  t o  ambient temperature and 
pressure .  The foregoing procedure was repeated f o r  the remaining 
f o u r  ( 4 )  specimens. When t h e  specimens had re turned  t o  ambient 
temperature and pressure,  the  six ( 6 )  measurements of each 
specimen's diameter were taken and recorded. 
3*2 .3  T e s t  Resu l t s  
No s t r u c t u r a l  deformation o r  damage was v i s u a l l y  apparent  a t  
the conclusion of the proof t e s t  a t  -412 412QP. Measurements 
of the specimen diameters, p re -  and pos t  t es t ,  were compared 
and no s f g n i f i c a n t  changes were ev ident ,  
-4- 
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Reauirement 
Tes t  Report ld0.B-20415 
Reference: Ogden Technology Labora tor ies  T e s t  Procedure 
No, B-20415, Rev. A , ,  dated J u l y  24, 1968, Para- 
graph 2 , 3 ,  
The specimen shal l  be subJected t o  a gaseous Helium pressure 
of  2,100 ps ig  f o r  two ( 2 )  minutes a t  a temperature of 70 +-10'F. 
During the  two ( 2 )  minutes the  pressure  gauge s h a l l  be monitored 
for evidence of 1 
Tes t  Procedure 
P r i o r  t o  i n s t a l l i n g  the  f irst  specimen ( S e r i a l  No. 4 ) ,  the  
gaseous Helium system was "capped o f f "  and l e a k  checked a t  
3,000 p s i g ,  The specimen was then i n s t a l l e d  i n  the  holding 
f i x t u r e  and connected t o  a high pressure  gaseous Helium source.  
While maintaining the  specimen a t  70 +lO°F, the  pressure  of 
the  specimen was raised t o  2,100 p s i g ,  The Helium i n l e t  va lve  
was closed o f f  and the pressure monitored f o r  two ( 2 )  minutes 
for evidence of loss i n  pressure.  On completion of the t w o  ( 2 )  
minutes, the HelLum was vented from the  specimen t o  the  recovery 
system, The foregoing was then repeated for t he  remaining f o u r  
( 4 )  specimens 
T e s t  Resul t s  
Constant monitoring of the pressure  gauge, during the two ( 2 )  
minute period, d i d  not  d i s c l o s e  any leakage w i t h  r e s p e c t  t o  spec i -  
qmens S e r i a l  Numbers 4, 8, 9, 10 and 11. 
-5- 
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3.0 DISCUSSION OF TESTS - continued 
384 Thermal Shock Tes t  
3 4 1 Requirement 
Reference: Ogden Technology Labora tor ies  T e s t  Procedure 
No, B-20415, Rev, A,  dated J u l y  4, 1968, Para- 
graph 2,4, 
The specimen sha l l  demonstrate i t s  s t r u c t u r a l  i n t e g r i t y  when 
subjec ted  t o  a temperature shock from +7O9F t o  -423'F, wi th  
the  i n t e r n a l  pressure  being raised from 0 - 500 p s i g ,  The 
requi red  temperature and pressure  parameters are t o  be a t t a i n e d  
i n  n i n e t y  (90) seconds,  T h i s  i n t e g r i t y  shal l  be measured by: 
a )  Measurement and comparison o f  the specimen diameters, pre- 
and pos t  thermal shock; b )  V i sua l  examination f o r  evidence of 
phys i ca l  damage, 
3 4.2 Tes t  Procedure 
The dummy specimen, S e r i a l  Number S i x  ( 6 ) ,  was i n s t a l l e d  i n  
t h e  temperature condi t ion ing  shroud suspended above the cryo- 
s t a t ,  as depic ted  i n  Figure I of t h i s  r e p o r t .  The specimen 
i n l e t  w a s  connected t o  a gaseous Helium source,  and the s k i n  
temperature of t he  specimen s t a b i l i z e d  a t  70 +lO°F. The cryo- 
s t a t  was then f i l l e d  w i t h  l i q u i d  Hydrogen u n t i l  the thermocouple 
i n d i c a t e d  t h a t  t he  l i q u i d  l e v e l  was s u f f i c i e n t  t o  immerse,the 
specimen (approximately two-thirds (2/3) f u l l ) ,  The cover  ( a  
t en  (10) m i l  t h i c k  polyethylene shee t )  was then placed on the  
c r y o s t a t ,  The Helium supply t o  the r e g u l a t o r  was opened and 
the specimen s lowly lowered i n t o  t h e  c r y o s t a t ,  the weight of 
t he  specimen breaking the c r y o s t a t  "cover".  The specimen was 
then p res su r i zed  w i t h  gaseous Helium, wi th in  n i n e t y  (90) seconds 
of i t  p ie rc ing  the  c r y o s t a t  cover, t o  a pressure  of 500 ps ig .  
The specimen was then withdrawn from the c r y o s t a t  i n t o  the  
temperature condi t ion ing  box and the Helium pressure  vented t o  
the recovery system, Sa t i s f i ed  tha t  t h e  i n t e r n a l  pressure  of 
t h e  specimen could be raised t o  500 p s i g  wi th in  n i n e t y  ( 9 0 )  
seconds of i t  p i e rc ing  the c r y o s t a t  "cover",  the foregoing  
procedure was repea ted  f o r  specimens S e r i a l  Numbers 4, 8, g,lO 
and 11, P r i o r  t o ,  and on completion of Thermal Shock, the 
specimens diameters ,  a t  the s i x  ( 6 )  loca t ions ,  were measured 
and recorded,  
3 .4 ,3  T e s t  Resu l t s  
No deformation was v i s u a l l y  evfdent  and comparison of the  spec i -  
mens d iameters ,  p r e -  and pos t  thermal shock, d id  n o t  i n d i c a t e  any 
s i g n i f i c a n t  change, Specimen S e r i a l  Number e i g h t  (8) was sub- 
j e c t e d  t o  a r e - t e s t ,  Notice of T e s t  Deviat ion Number 3, da t ed  
28th March 1969, refers ,  The r e - t e s t  was conducted as a d i r e c t  
r e s u l t  of an erronerous l i q u i d  level- reading  i n  the  c r y o s t a t ,  
-6- 
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3 e 0  DISCUSSION OF TESTS - continued 
3.5 Serv ice  L i f  
3.5.1 Requirement 
Reference: Ogden Technology Labora tor ies  Tes t  Procedure 
No, B-20415, Rev, A, dated J u l y  24, 1968, Para- 
graph 2 ,5*  
The specimen s h a l l  demonstra€$ s t r u c t u r a l  i n t e g r i t y  when 
subjec ted  t o  pressure  cyc l ing  from 500 p s i g  t o  3,700 ps ig  
t o  500 psig,  f o r  a t o t a l  of 500 cyc les ,  while immersed i n  
l i q u i d  Hydrogen a t  a temperature of -412 +12'F. The gaseous 
Helium shal l  be a t  ambient temperature,  and the  pressure  
cyc le  s h a l l  be completed i n  less than six (6 )  minutes. The 
s t r u c t u r a l  i n t e g r i t y  s h a l l  be measured by: a )  comparison of  
specimen diameters  pre- and pos t  500 cycles ;  b )  v i s u a l  inspec- 
t i o n ;  and, c )  a l e a k  t e s t ,  a t  ambient, a f te r  completion of 500 
cycles  * 
3.5 2 Test Procedure 
The dummy specimen, S e r i a l  Number s i x  ( 6 ) ,  was i n s t a l l e d  i n  the  
t e s t  loop as shown i n  Figure I1 of  t h i s  r e p o r t .  The tes t  system 
was "c losed  loop", Znd incorporated high and low pressure  Helium 
recovery systems. All valves  and c o n t r o l s  were automated, and 
the e n t i r e  t e s t  run remotely. Continuous observat ion of the 
t e s t  pad was made on a closed c i r c u i t  t e l e v i s i o n  system, U t i l i z -  
i ng  the  dummy specimen, t e s t  runs were made t o  f ind  optimum set-  
t i n g s  f o r  flow c o n t r o l  valves  w i t h  r e s p e c t  t o  gaseous Helium and 
l i q u i d  Hydrogen. S a t i s f i e d  t h a t  a l l  t e s t  parameteos could be met 
i n  the  s p e c i f i e d  cyc le  time of  l e s s  than s i x  ( 6 )  minutes, t h e  
dummy specimen was removed from the  t e s t  system. 
p r i o r  t o  i n s t a l l i n g  specimen S e r i a l  Number f o u r  ( 4 )  i n  the 
c r y o s t a t ,  the s ix  (6 )  diameter measurements were taken and r e -  
corded. The specimen was then i n s t a l l e d  i n  the  c r y o s t a t  and 
the  i n l e t  connected t o  a high pressure  gaseous Helium sourceo  
Thermocouples were bonded t o  the  sk in  of the  specimen and t h e  
c r y o s t a t  cover bol ted i n  place.  P r i o r  t o  the  admission of 
l i q u i d  Hydrogen i n t o  the  c r y o s t a t ,  the  specimen was purged f i v e  
(5 )  times w i t h  gaseous Helium, a t  ambient temperature, t o  expel  
a l l  a i r  and o t h e r  contaminants, The specimen was then pressur ized  
t o  500 ps ig  w i t h  gaseous Helium, and l i q u i d  Hydrogen was admitted 
t o  the  c r y o s t a t ,  The flow of l i q u i d  Hydrogen was adjus ted  u n t i l  
t h r e e  ( 3 )  temperature readings o f  t h e  specimen skin,  taken f i v e  
(5)  minutes apart, i nd ica t ed  -412 +12'F. Concurrently,  t he  Helium 
pressure  was regula ted  t o  maintain the  specimen pressure  a t  500 
ps ig ,  The'specfmen was then subjec ted  t o  the  fol lowing cyc le  
f o r  a t o t a l  of 500 cycles:  
a )  Increase  pressure  from 500 t o  3700 ps ig  i n  l e s s  than t h r e e  ( 3 )  
minutes , 
b) Vent pressure  from 3700 t o  500 psig,  i n  l e s s  than th ree  ( 3 )  
minutes 
c )  A l l o w  temperature t o  r e t u r n  t o  -412 +12"F, then start a new 
cycle  
-7- 
Test Report No, B-20415 
DISCUSSION OF TESTS - continued 
Service Life - continued 
After completion of the 500th cycle, the specimen was vented 
to the atmosphere, returned to ambient temperature, and re- 
moved from the cryostat, The specimen was then subjected to 
a visual examination, measurement of the six (6) diameters, 
and a leak test, at 2100 psig. The foregoing procedure was 
then followed f o r  specimens, Serial Numbers 8, 9, and 10, 
Test Results 
Following the life cycle test, a visual inspecticin of each speci- 
men revealed no apparent permanent deformation, Comparison of 
the measurements of the specimen diameters pre- and post life 
cycle test, did not indicate any significant change. None of 
the specimens exhibited any leaks duri'ng the leakage test per- 
formed post 500 cycles as described in Paragraph 3.3.of this 
report, Specimen, Serial Number 11, was installed in the test 
loop, but, on instructions from Mr. C. Irvine (M.S.F,C.), was 
not subjected to the life cycle test. 
-a- 
Y LA T e s t  Report  No .B-2041.5 
3.0 DISCUSSION OF TESTS - continued 
3e6 S t r e s s  Coat Tes t  
3 e 6 1 Requirement 
Reference: Ogden Technology Labora tor ies ,  Inc .  Tes t  
Procedure No. B-20415, Rev. A,  dated J u l y  24, 
1968, Paragraph 2 , 6 ,  
The specimen sha l l  be subjec ted  t o  examination f o r  stress 
modes by the  a p p l i c a t i o n  of stress coa t  t o  t h e  e x t e r n a l  
su r f ace .  The specimen shal l  be f i l l e d  wi th  d i s t i l l e d  water, 
t h e  i n t e r n a l  pressure  s h a l l  be raised t o  500, 750, and 1,000 
ps ig ,  and the stress p a t t e r n s  photographed. F i n a l  q u a l i t a t i v e  
eva lua t ion  o f  the stress maps w i l l  be accomplished by N,A.S,A. 
T h i s  t e s t  was performed by Magnaflux Corporat ion.  
3.6.2 T e s t  Procedure 
Specimen S e r i a l  Number fou r  ( 4 )  was coated wi th  an aluminum 
undercoat,  ST-840, and allowed t o  a i r  d r y  f o r  t h i r t y  ( 3 0 )  
Number ST-70 was used i n  place of ST-1204. Permission t o  
d e v i a t e  was g iven  i n  TWX message Number R2617502, dated June 
1969. The reason  f o r  the  change was t h a t  ST-70 was a newer 
formulat ion r e q u i r i n g  l e s s  cure  time, ana humid i tyd id  no t  
a f f e c t  the s e n s i t i v i t y .  The threshold  s t r a i n  o f  t h i s  coa t ing ,  
a t  a temperature of 77"F,was approximately 750 - 800 micro- 
inches  p e r  i nch ,  An a d d i t i o n a l  pressure  increment, o f  200 
ps ig ,  was added i n  o rde r  t o  determine t h e  locat iof is  of highest 
s t r e s s  begore these  areas were masked by the more g e n e r a l  
c rack  p a t t e r n s  a t  t he  h igher  pressure  l e v e l s .  
f o r e  applying the  stress coa t .  Sbress  c o a t  coa t ing  
3.6.3 Test  Resu l t s  
The r e s u l t ,  and photographs of t h e  stress modes are contained 
i n  Magnaflux Corpora t ion ' s  Report  Number 26776-8-1, 
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3.0 DISCUSSION OF TESTS - continued 
307 Vib ra t ion  T e s t  
387.1 Requirement 
Reference: Ogden Technology Labora tor ies  Tes t  Procedure 
N o .  B.20415, Re'vv, A,  da ted  J u l y  24, 1968, para- 
graph 2,7.  
The specimen s h a l l  demonstrate i t s  s t r u c t u r a l  i n t e g r i t y  when 
subjec ted  t o  s i n u s o d i a l  and random v i b r a t i o n ,  i n  t h r e e  (3)  
mutual ly  perpendicular  axes,  a t  the l e v e l s  shown i n  Tables  I1 
and 111, below, Throughout a l l  v i b r a t i o n  t e s t i n g ,  o r i e n t a t i o n  
of t h e  t e s t  specimen and the  t ank  wall s e c t i o n  s h a l l  be main- 
t a ined  t o  s imula te  t h a t  i n  t h e  v e h i c l e  conf igu ra t ion .  While 
undergoing v i b r a t i o n ,  t he  specimen s h a l l  be p re s su r i zed  wi th  
gaseous Helium a t  3,200 +160 p s i g  and t h e  specimen temperature  
s h a l l  be maintained a t  -412 +126F. The specimens' i n t e g r i t y  
s h a l l  be measured by: a )  v i s u a l  i n s p e c t i o n  on completion of 
random v i b r a t i o n  i n  each axis;  b )  a leakage t e s t  a t  2100 p s i g  
and 70 + ~ o ' F *  
387.2 Tes t  Procedure 
U t i l i z i n g  t h e  dummy specimen, an ambient temperature  and pres-  
su re  f i x t u r e  a n a l y s i s  was performed i n  each axis a t  f u l l  s inu-  
s o i d a l  and random v i b r a t i o n  l e v e l s ,  as shown i n  Tables  I1 and 
I11 below e 
TABLE I1 
SINUSOIDAL VIBRATION LEVELS 
Level 
5 - 28 0.085 inches  DA 
28 - 125 3.5 g Peak 
0,0043 inches  DA 
8 .0  g Peak 
125 - 190 
190 - 2000 
TABLE I11 
RANDOM VIBRATION LEVELS 
Frequency (Hz) Level 
20 - 40 0,014 g 2 h z  
40 - 100 
100 - 700. 0,079 g2/Hz 
700 - 2000 -6db/octave, Rol l -off  
+6db/oc tave  , Rise 
-10- 
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3 , O  DISCUSSION OF TESTS - continued 
3.7 Vibra t ion  T e s t  - continued 
3e7.2 Specimen Serial  Number e ight  (8)  was mounted i n  the v ib ra -  
(COnt'd) t i o n  f i x t u r e  Figure 11), and two ( 2 )  thermocouples were i n -  
s ta l led,  one i 1) on the  "ear",and one (1) on the  "neck" of 
the  specimen. The Marman C l a m p  was torqued t o  a va lue  of 
65 f 5  in / lbs ,  and the E8 t i e  down" s t raps  were torqued u n t i l  a 
t ens ion  of 225 +25 l b s  was recorded. The specimen-fixture 
assembly was connected t o  a high pressure gaseous H e l i u m  
source by means of a f l e x i b l e  l i n e .  The l i q u i d  Hydrogen sup- 
p ly  and vent  systems were connected t o  the  f i x t u r e  by means 
of f l e x i b l e  l i n e s .  Control  va lves  f o r  the gaseous Helium 
and l i q u i d  Hydrogen supp l i e s  were automated, and the e n t i r e  
t e s t  was run on a remote shaker wi th  continuoil,? observa t ion  
by a closed c i r c u i t  t e l e v i s i o n  system. Prioz? t o  the admis- 
s ion  of l i q u i d  Hydrogen t o  the  f i x t u r e ,  t he  specimen was 
purged f i v e  (5)  times w i t h  gaseous Helium t o  expel  a11 a i r  
and o t h e r  contaminants. 
While maintaining a p o s i t i v e  pressure  i n  the specimen, l i q u i d  
Hydrogen was slowly admitted t o  the  f i x t u r e  u n t i l  the specimen 
temperature s t a b i l i z e d  a t  -412 f12"F. Concurrently,  the  spec i -  
men pressure was raised t o  3,200 2160 p s i g .  S t a b i l i z a t i o n  was 
assumed when two ( 2 )  success ive  temperature readings,  taken 
f i v e  (5 )  minutes apart, measured -412 +12"F, 
While maintaining the temperature and pressure  parameters, the 
specimen was subjec ted  t o  s i n u s o i d a l  v i b r a t i o n  a t  the l e v e l s  
shown i n  Table  11. The sweep  ra te  from 5-2000-5 Hz was one (1) 
octave p e r  minute, and a t r ack ing  f i l t e r  was used over  the 
5-200 Hz por t ion  of the sweep. The temperature was cont inuous ly  
recorded, and a l l  accelerometer outputs  were recorded on an 
osc i l l og raph ,  S t i l l  maintaining the  temperature and p res su re  
condi t ions ,  the  cold f i x t u r e  and specimen were equal ized  -6db 
down from the random v i b r a t i o n  l e v e l s  shown i n  Table 111. 
V e r i f i c a t i o n  of the e q u a l i z a t i o n  was accomplished by c u t t i n g  
a s h o r t  tape loop and p lay ing  i t  back on t o  an X-Y Recorder 
t o  produce a power s p e c t r a l  d e n s i t y  (P ,S .D . )  p l o t .  Sa t i s f ied  
w i t h  the equa l i za t ion ,  the random e x c i t a t i o n  was inc reased  
u n t i l  f u l l  l e v e l  was reached. The specimen was then sub jec t ed  
t o  a t o t a l  of twelve (12 )  minutes random v ib ra t ion  a t  the  
l e v e l s  shown i n  Table 111, During the twelve (12)  minute 
t i m e  period, a power spectral  d e n s i t y  (P ,S .D. )  p l o t  was made. 
The specimen was then allowed t o  r e t u r n  t o  ambient temperature,  
the Helfum pressure  was bled back i n t o  the  recovery system, 
and the specimen was removed from the f i x t u r e ,  
-11- 
T e s t  Report  No,B-20415 
3.0 DISCUSSION OF TESTS - cont inued 
3.7 V i b r a t i o n  T e s t  - cont inued 
3.7.2 Specimen S e r i a l  Number n ine  ( 9 )  was i n s t a l l e d  i n  the  v i b r a t i o n  
( c o n t l d )  f i x t u r e  and the  foregoing  procedure repea ted .  On completion 
of t e s t i n g  both specimens i n  t h i s  a x i s ,  a l e a k  check was p e r -  
formed a t  2100 p s i g .  The f 'fxture was then r e o r i e n t e d  f o r  the 
next  a x i s  of  v i b r a t i o n ,  main ta in ing  a t  a l l  times t h e  a k t i t u d e  
of  t h e  specimen t o  the  tank  w a l l  s e c t i o n ,  r e l a t i v e  t o  the 
ear th ' s  g r a v i t y .  
While undergoing s i n u s o i d a l  v i b r a t i o n  i n  t he  X-Axis, specimen 
Serial  Number e i g h t  ( 8 )  warmed from -400°F t o  - 2 0 8 ' ~ .  V i s u a l  
i n s p e c t i o n  on completion of  t he  s i n u s o i d a l  v i b r a t i o n  r e v e a l e d  
tha t  t h e  foam i n s u l a t i o n  on the  Plenum had v i b r a t e d  o f f .  P r i o r  
t o  running random v i b r a t i o n ,  t h e  Plenum was i n s u l a t e d  wi th  a 
f i b e r g l a s  wool thermal w r a p .  Visua l  i n s p e c t i o n  a t  ambient 
p r e s s u r e  and temperature ,  p o s t  s5nusoida l  and random v i b r a t i o n  
on S e r i a l  Number e i g h t  ( 8 ) ,  revea led  t h a t  t h r e e  ( 3 )  o u t  of  t he  
f o u r  ( 4 )  t i e  down l u g s  on t h e  s k i n  s e c t i o n  panel  ( s u p p l i e d  
by N.A.S.A.) had t o r n  away. M r .  C .  I r v i n e  (M.S.F.C.) was 
informed by TWX message Number 69-173, dated 7-14-69, and 
t e s t i n g  was put  on a hold s t a t u s  u n t i l  a r e p l y  g i v i n g  a d i s -  
p o s i t i o n  was rece ived .  The r e p l y  was contained i n  TWX message 
Number R-1812402, and au thor ized  Ogden Technology L a b o r a t o r i e s  
t o  e f f e c t  weld repairs  t o  the  t i e  down c l e v i s ,  P/N-1A98661e 
T h e  weld repa i rs  were completed, and no f u r t h e r  t r o u b l e  was 
experienced w i t h  the  t i e  down c l e v i s  f o r  t h e  remainder of t he  
v i b r a t i o n  t e s t  program. 
The v i b r a t i o n  l e v e l s ,  both s i n u s o i d a l  and random, were accomplished 
i n  a l l  three ( 3 )  a x i s  w i t h  t h e  except ion  of  random e q u a l i z a t i o n  
i n  t h e  Z-Axes. 
The t e s t  f i x t u r e  o r i e n t a t i o n  i n  the  2-Axis, was such tha t  t he  
M.S.F.C. s u p p l i e d  s k i n  panel was perpendicular  t o  t he  v i b r a t i o n  
e x c i t o r  head ( t h e  d i r e c t i o n  of  a p p l i e d  v i b r a t i o n ) ,  T h i s  o r i e n t a -  
t i o n  o f  t he  s k i n  s e c t i o n  w i t h  t h e  Helium Sphere mounted t o  i t  was 
the  most s e v e r e .  T r a n s m i s s i b i l i t y  o f  t h e  i n p u t  l e v e l s ,  t h e  f i x -  
t u r e ,  and s k i n  s e c t i o n  t o  the  sphere,  could n Q t  be a t t a i n e d  due 
t o  t h e  f l e x i b i l i t y  of  t h e  s k i n  pane l ,  T h i s  f l e x i b i l i t y  df the  
s k i n  panel  ( o r  resonant  bandwidth) from approxlmately 100 Hz t o  
400 Hz would n o t  a l low e q u a l i z a t i o n  wi th  i n  t$e c a p a b i l i t i e s  o f  
the  Ling ASDE-80 automatic  Equal izer /Analyzer ,  The PSD e q u a l i z a -  
t i o n  p l o t s  1, 2 and 3 f o r  t h e  2-Axis i l l u s t r a t e  t h e  problem en- 
counteredand d i f f i c u l t y  of e q u a l i z i n g  a f l e x i b l e  member w i t h  the 
t e s t  specimen mounted. Reloca t ion  of the c o n t r o l  acce lerometer  
t o  a more r i g i d  member would have a i d e d  i n  e q u a l i z a t i o n ,  b u t  
would n o t  have been l o c a t e d  a t  the p o i n t  of atxachment of t he  
sphere as r e q u i r e d  by M,S.F.C. s p e c i f i c a t i o n ,  
3.7*3 Test R e s u l t s  
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3.0 DISCUSSION OF TESTS - continued 
3*8 Burst  T e s t  
3 e 8 1 Requirement 
Reference: Ogrlen Technology Labora tor ies  Test  Procedure 
No, B-20415, Rev, A ,  dated July 24, 1968, Para- 
graph 2,8.  
The specimen s h a l l  be placed i n  an expendable c r y o s t a t .  T o  
minimize the explosive fo rce  (by reducing the gas volume), 
the  specimen shal l  be f i l l e d  with Polyethylene beads approxi- 
mately 1/4 inch  i n  diameter, The specimen sha l l  be submerged 
i n  l i q u i d  Hydrogen, and the i n t e r n a l  pressure  s h a l l  be raised, 
us ing  pre-ch i l led  Helium gas (-412 f12OF), u n t i l  b u r s t  occurs  
o r  10,000 p s i g  i s  reached. There shal l  be dwe l l  i n t e r v a l s  of 
three (3 )  minutes du ra t ion  a t  the fol lowing pressures :  3,700 
p s i g ,  5,340 p s i g ,  and 7,100 p s i g ,  
3.8,2 T e s t  Procedure 
The specimen was f i l l e d  with polyethylene p e l l e t s  and placed 
i n  an expendable (foam) c r y o s t a t ,  which, i n  tu rn ,  w a s  "buried" 
i n  the  ground. A high pressure  gaseous Helium source  was 
connected t o  the  specimen i n l e t ,  and l i q u i d  Hydrogen supply 
l i n e s  and vent  l i n e s  were connected t o  the c r y o s t a t .  Thermo- 
couples were bonded t o  the specimen and connected t o  a Barber 
Colman Continuous S t r i p  Chart Recorder, P r i o r  t o  the admis- 
s i o n  of any l i q u i d  Hydrogen t o  the heat exchanger ( f o r  p r e -  
c h i l l i n g  the gaseous Helium) o r  the  c r y o s t a t ,  the specimen 
was purged a minimum of f i v e  (5)  times t o  expel  a l l  a i r  and 
o t h e r  contaminants e 
The c r y o s t a t  was then f i l l e d  w i t h  l i q u i d  Hydrogen while con- 
c u r r e n t l y  in t roducing  p re -ch i l l ed  gaseous he l ium i n t o  the 
specimen, The i n t e r n a l  pressure  of the specimen was then  
raised to ,  and held f o r  three (3)  minutes a t ,  each of the 
following pressures :  3,700 p s i g ,  5,400 ps ig ,  and 7,100 p s i g .  
The ra te  of i nc reas ing  the pressure  was conducive t o  maintain- 
i n g  the  Helium temperature a t  -412 +12"F, bu t  i t  d id  no t  exceed 
a p r e s s u r i z a t i o n  rate g r e a t e r  than 175 psid/minute. 
3*8,3 T e s t  Resu l t s  
Specimen S e r i a l  Number e ight  (8)  had n o t  b u r s t  when a pressure  
of 8,400 ps ig  had been reached. 
s u r e  above 8,400 p s i g  were i n e f f e c t i v e ,  and, to  conserve l i q u i d  
Hydrogen, the t e s t  was abor t ed ,  The specimen was re turned  t o  
ambient temperature and pressure,  and removed from the c r y o s t a t ,  
All e f f o r t s  t o  raise the pres- 
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3.0 DISCUSSION OF TESTS - continued 
3.8 Burs t  Test  - cont inued 
3.8,3 The system was capped o f f ,  and the pressure  checked (decay 
found. The torque  va lues  (213 i n / l b s )  f o r  the b o l t s  ho ld ing  
the Aero-quip Marman Sea l  were checked, and were found t o  
have "backed o f f "  a matter of f i v e  (5)  inch/pounds. M r .  C , I r v i n e  
(M.S.F.C,) was informed of the  f i n d i n g s  and, on h i s  i n s t r u c t i o n s ,  
S e r i a l  Number n ine  (9) was i n s t a l l e d  i n  the t e s t  loop and an 
a t t e m p t  made t o  b u r s t  i t ,  T h i s  wi is  a l s o  unsuccessful ,  a l though 
the  pressure  reached, t h i s  time, was 9,000 ps ig .  I n v e s t i g a t i o n s  
a t  ambient pressure  and temperature  were conducted, and the  
diameters of the specimens Ser ia l  Numbers 8 and 9 were checked, 
a g a i n s t  those  recorded pos t  Se rv ice  L i f e ,  with very  l i t t l e '  
s i g n i f i c a n t  change noted.  The poss ib l e  conclusions t o  be drawn, 
from the i n a b i l i t y  t o  raise the p res su re  any higher ,  are that  
the seal i s  developing a leak a t  these h ighe r  pressures  coupled 
wi th  the  s t r ange  thermodynamic p r o p e r t i e s  of gaseous Helium a t  
-412'F and 9,000 p s i g ,  T h i s  information was re layed  t o  Mr. C .  
I r v i n e  (M.S.F,C,) who i n s t r u c t e d  Ogden Technology Labora to r i e s  
t o  b u r s t  both specimens a t  ambient temperature us ing  gaseous 
Helium. Burs t  occurred a t  5,500 ps ig  on S e r i a l  Number e i g h t  (8)  
wi th  a recorded specimen s k i n  temperature  o f  lO5'F. 
S e r i a l  Number n ine  ( 9 )  b u r s t  a t  5,400 p s i g  w i t h  a recorded s k i n  
temperature of 1 0 5 " ~  a 
( c o n t l d )  method) t o  10,000 p s i g  a t  ambient temperature.  No leaks were 
Specimen 
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4.0 DESCRIPTION OF TEST EQUIPMENT 
T e s t  Repor t  Mo,B-20415 
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